Abstract A retrospective study on the epidemiology of foot and-mouth disease (FMD) in Karnataka, India between the years 1977 and 2012-13 based on the data collected through passive and active surveillance was undertaken. A total of 11,159 outbreaks with 0.271 million cases of FMD were recorded from 30 different revenue districts of Karnataka. There was a significant difference between the years for the annual incidence of FMD (P = \0.001, F = 19.10) and also between the months (P = \0.001, F = 4.22). Cattle and buffaloes were the predominant species affected being involved in all of the outbreaks reported. A significant correlation was observed between livestock density and the number of outbreaks reported (r = 0.70, p \ 0.02), and number of cases (r = 0.76, p \ 0.01) for all the agro-climatic zones. The Central dry zone (n = 2257, 19.89 %) reported the highest number of outbreaks followed by the Northern dry zone (n = 1881, 16.58 %) and the Southern transition zone (n = 1761, 15.52 %), and attack rates were concentrated in the North/Northeastern/Central dry and transition zones. A large majority of the outbreaks were caused by serotype O (64.04 %), followed by Asia 1 (19.87 %) and A (12.27 %). Serotype C was not reported since 1993 in the state. In recent years, serotype O has dominated (82.59 %), with the rest of the outbreaks being almost equally caused by A (9.01 %) and Asia 1 (8.40 %). The study highlights the significance of the O serotype and cattle as the main indicator species in the epidemiology of FMD in Karnataka, India. The findings from this study can be used as baseline epidemiological data for further research to identify endemic and epidemic areas for the development of a sustainable programme for the progressive control of FMD in the state of Karnataka as well as other endemic settings.
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Keywords Foot and mouth disease Á Epidemiology Á Species Á Agroclimatic zones Á Temporal and Spatial distribution Foot-and-mouth disease (FMD) is a highly contagious viral disease of cloven-hoofed animals including cattle, buffaloes, sheep, goats, pigs and waterbuffalo [10] . The disease is characterized by the formation of painful, serous vesicles on the tongue, lips and other tissues of the mouth, and on less stratified integumentary parts of the body such as the udder and teats, the interdigital space and the coronary band above the hooves [1] . Infected cattle and pigs usually develop typical signs whereas clinical diagnosis in sheep and goats is difficult due to mild disease manifestations.
The virus belongs to Aphthovirus genus of the family Picornaviridae, and exists as seven clinically indistinguishable serotypes: O, A, Asia-1, South African Territory-1 (SAT-1), SAT-2, SAT-3, and C, each with multiple subtypes [6] . Infection and recovery or vaccination with one serotype often fails to protect against infection from other serotypes, and sometimes against another subtype within the same serotype. Epidemiological dynamics are further compounded by the wide host range, nearly 100 per cent morbidity, multiple modes of transmission, low infectious dose of the virus, rapid rate of virus replication, high level of virus excretion by infected animals, and rapid spread [11] .
Livestock sector is an important part of Indian economy, employing 8-10 per cent of the country's labour force, and contributing to 4-6 per cent of national and 28-32 per cent of agricultural GDP. In India, FMD occurs throughout the year, and the situation is complicated due to the huge population of susceptible animals, plurality of the circulating virus serotypes and strains, unrestricted movement of animals, inapparent infection in small ruminants, and limited systematic vaccination [4] . Direct losses due to FMD alone in India have been estimated to be Rs. 200 billion (* USD 3.5 billion) [18] , 80 per cent of which is due to drop in milk production [9] .
Control of FMD is significant for protecting the livestock industry and for improving livelihoods of farmers in developing countries, where FMD is endemic. Progressive risk reduction of FMD can help in progressive market access of livestock commodities. However, the success of any disease control program depends on a clear understanding of the epidemiology of the disease, especially the analysis of the distribution and patterns of spread [2, 3, 8, 12, 19] Data obtained from both reported and confirmed outbreaks of FMD were subjected to analyses. Descriptive analysis was performed using Microsoft Ò Office Excel, 2013. Square root transformation was carried out for normality of month wise outbreak data and ANOVA was used for transformed data. Pearsons correlation was used to investigate the relationship between the livestock density and outbreaks and number of cases in the agro-climatic zones.
The state of Karnataka has a large FMD-susceptible livestock population which includes 10.50 million cattle, Epidemiology of foot and mouth disease in Karnataka 505
4.32 million buffaloes, 9.56 million sheep, 6.25 million goats, 0.27 million pigs and an unknown population of wild herbivores as per the 2007 census. The presumptive diagnosis of FMD at the field level is based on clinical symptoms such as fever and vesiculation progressing to erosions in the mouth, muzzle, feet and teats. In cattle, lesions are common on the tongue, dental pad, gums, soft palate, nostrils, muzzle, coronary band and the interdigital space. In pigs, vesicles are seen on the snout, face, coronary band, heel and the interdigital space.
Over the study period of 36 years, 11,159 outbreaks with 0.271 million cases of FMD were recorded from 30 different revenue districts of Karnataka. Of these, 3213 outbreaks with 0.035 million cases were reported till 1995. Unfortunately, species-wise details were unavailable during this time. Since 1996, 0.15 million cattle, 0.047 million buffaloes, 0.028 million sheep, 0.014 million goats and 289 pigs were recorded to have been clinically affected with FMD. Cattle and buffaloes were involved in majority of the outbreaks (n = 0.19 million cases), followed by sheep and goats (n = 0.042 million). Outbreak has also been confirmed in captive wild animals, especially mithun, gaur and black buck, maintained in biological parks.
Among the total of 11,159 presumptive FMD outbreaks reported since 1977, 1205 outbreaks were confirmed. Haveri (n = 855, 7.66 %), Tumkur (n = 833, 7.46 %) and Belgaum (n = 830, 7.43 %) districts reported large number of outbreaks, while the coastal districts of Dakshina Kannada and Udupi (n = 31, 0.27 % each) reported the lowest number of outbreaks. As far as number of attacks/ cases are concerned, Raichur (n = 0.017 million, 10.71 %), Haveri (n = 0.015 million, 9.07 %), Gulbarga (n = 0.013 million, 7.96 %), Belgaum (n = 0.0117 million, 7.14 %) and Davanagere (n = 0.010 million, 6.36 %) accounted for more than 40 per cent of the cases. The Central dry zone (n = 2257, 20.22 %) reported the highest number of outbreaks followed by the Northern dry zone (n = 1950, 17.47 %) and the Southern transition zone (n = 1761, 15.78 %), and attack rates were concentrated in the North/Northeastern/Central dry and transition zones (Table 1) . A significant correlation was observed between livestock density and the number of outbreaks reported (r = 0.70, p \ 0.02), and number of cases (r = 0.76, p \ 0.01) for all the agro-climatic zones.
High annual incidences of FMD were reported in 2005-06 (14 % of total outbreaks, 0.043million cases), 2000-01 (10 % of total outbreaks, 0.0330 million cases), 2002-03 (9 % of total outbreaks, 0.022 million cases), and 2007-08 (8 % of total outbreaks, 0.0288 million cases), and the lowest was recorded in 1996 (0.53 % of total outbreaks, 0.004 million cases). There was a significant difference between the years for the annual incidence of FMD (F = 19.10, P = \0.001,). The highest average incidence was reported in January (n = 18) followed by February (n = 17) and March (n = 16), together accounting for 38.63 per cent of all the outbreaks, and the lowest in May and June (n = 5). There was a significant difference in the incidence of outbreaks between the months (F = 4.22, P = \0.001,). On an average, 21 districts had outbreaks of FMD every year. The highest number of districts with outbreaks was in 2007-08 (n = 27) and 2005-06 (n = 26). There was a significant difference in the number of districts Retrospective studies, based on the analysis of available data and passive surveillance have contributed greatly to the understanding of the epidemiology of FMD in other states of India [3, 15, 19] and in other endemic countries such as Bhutan [7] , Laos [8] , and Mali [14] . This report is the first to describe the status of FMD in the state of Karnataka, India. The study showed that the disease is endemic in the state.
The analysis indicated that the disease is reported from all the agro-climatic zones, but not uniformly distributed. Lower number of outbreaks were reported in the hilly and coastal regions, and this could be attributed to factors such as (a) low livestock population and density (i.e., more scattered), (b) the higher altitudes limiting the movement and hence contact between animals, and (c) the climate being a deterrent for the natural spread of the virus. On the other hand, large numbers of outbreaks were reported from the dry zones and transition zones where the majority of the susceptible livestock population is located.
The regions where the disease was more prevalent constitute the semiarid ecosystems with an average annual rainfall of 100-800 mm and relative humidity of 60-80 per cent. Maximum outbreaks were reported from the districts with relative humidity of 60-70 per cent. The incidence of FMD was high in winter months (November to February) than rainy (July to September) or summer months (April to June). The number of outbreaks increased during late monsoon and winter, probably due to the favourable environmental conditions of dry weather, dry winds and moderately high relative humidity. This is also the time of the year when migration and movement of livestock is common, especially in rural livestock fairs where crossbred milch cattle are traded mainly from the southern districts of Karnataka to other districts and across the country, and buffaloes and draught animals are traded from the northern districts. Large-scale congregation of animals at these fairs, typically held after October, are highly congenial for virus transmission. Illegal trading, lack of monitoring, ignorance of the farmers, and lack of quarantine policy for the newly purchased animals also play a major role in precipitation of the disease [3, 5, 16, 19] . The extreme hot weather during summer may be the reason for less number of outbreaks reported during this season [17] . Indeed, all the states bordering Karnataka, viz., Tamil Nadu, Andhra Pradesh, Kerala and Maharashtra, have also been reporting FMD every year and the outbreaks in the southern states including Karnataka constitutes 31.5 per cent of the total outbreaks in the country [17] . In fact, in Karnataka state, Asia-1 was detected for the first time after five years in 2011-12, mainly in the northern districts bordering Maharashtra where Asia-1 was dominant in that year (PDFMD ANNUAL REPORT 2011-12) [13] . The serotype subsequently spread to southern district of Karnataka, indicating unrestricted animal movement across the state border and within the state, and pointing to this being the single-most important factor influencing the changing scenario of FMD outbreaks in the southern states. In this study, livestock density was found to be positively correlated with disease incidence and number of cases for all the agroclimatic zones. Similar findings have been reported in countries and states with similar livestock management systems [8, 19] . Hence, it would be necessary to prioritize disease control activities in zones with high livestock populations to optimize the use of resources. As far as species are concerned, cattle and buffaloes were the most affected (82.43 % of the cases). This was not surprising since disease symptoms are clearly observed in these animals. On the other hand, cases in sheep and goats constituted only 17.57 per cent of the cases recorded and 0.14 per cent of the susceptible population even though sheep and goats constituted 51.00 per cent of the total livestock population. While this is most probably due to the asymptomatic nature of FMD in these species, it is worth noting that outbreaks were confirmed from them in the state of Karnataka. Nevertheless, small ruminants do not seem to play a major role in the epidemiology of FMD in Karnataka.
It is noteworthy that only 10.8 per cent of the clinically recorded outbreaks were confirmed by laboratory tests. Ignorance of the farmers, wrong presumptive diagnosis, not collecting samples, improper/insufficient/mistimed sample collection, improper storage or transport of the sample could all contribute to the low confirmatory diagnosis, and this suggests that reporting, sample collection and forwarding systems need to be strengthened. [17] . Whether the predominance of serotype O in causing field outbreaks is due to more diversity of strains of serotype O, or higher susceptibility of animals to this serotype compared to that to serotypes A and Asia-1, or fitness of serotype O when co-circulating together with the other serotypes, or better and longer protection afforded by infection or vaccination by the other serotypes needs to be investigated.
In endemic countries like India, FMD can be controlled only by systematic preventive vaccination of susceptible animals, restriction of animal movement, and zoosanitary measures in the event of outbreaks. Preventive vaccination against FMD was initiated in Karnataka in 2006-07 under ASCAD programme and stepped up in 2011 under FMDCP. The latter has increased the coverage and built up herd immunity to a considerable extent as outbreaks have been observed only in few unvaccinated cattle in recent times. A similar situation has been observed in the states like Punjab and Haryana where only a few sporadic cases of FMD have been recorded following regular vaccination under FMDCP [4] . An interesting observation from the annual outbreak data is that the outbreaks appeared to peak every 2-3 years (2001-02, 2002-03, 2005-06, 2007-08) . It is tempting to suggest that natural infection is able to protect susceptible populations for 2-3 years and immunity wanes after that. Alternatively, this pattern could be due to a new generation of animals being available for the virus to attack. The cyclical peak is especially the case with serotype O, which has dominated since 1994. Interestingly, high activities of serotypes A and/or Asia-1 appear to be random, peaking when activity of serotype is O relatively low (1999-2000 or 2000-2001) or in parallel with high activity of serotype O (2005-06 and 2007-08). In any case, although the numbers of outbreaks have varied, the attack rates have dwindled after the introduction of vaccination.
In conclusion, the study highlights the significance of the O serotype and cattle as the main indicator species in the epidemiology of FMD in Karnataka, India. The findings from this study can be used as baseline epidemiological data for further research to identify primary endemic areas (virus maintenance areas), secondary endemic areas (areas of virus propagation) and epidemic areas (areas of explosive outbreak) for the development of a sustainable programme for the progressive control of FMD in the state of Karnataka as well as other endemic settings.
